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Referensi tentang hubungan filogenetik marga Litsea dan marga-marga yang berkerabat dekat masih terbatas. 
Pohon molekuler yang dihasilkan berdasarkan sekuens External Transcribed Spacer (ETS) dan Internal 
Transcribed Spacers (ITS) dari studi sebelumnya memperlihatkan topologi pohon yang berbeda dan beberapa 
klaster yang tidak memiliki nilai dukung atau nilai dukung rendah. Karena itu perlu dilakukan evaluasi 
penggunaan ETS wilayah DNA ribosom inti sel untuk analisis filogenetik dari Litsea dan kerabat dekatnya. 
Penelitian ini menggunakan 24 jenis Litsea dan 16 jenis dari marga terkait. Jenis-jenis ini sebagian besar berasal 
dari wilayah Malesia dan beberapa dari Jepang. Sekuensing langsung dari produk PCR tidak memungkinkan 
bagi sebagian besar jenis yang diperiksa, maka dilakukan kloning untuk memperoleh sekuens ETS. Hasil sekuens 
ETS dibandingan dengan  sekuens  ITS yang diperoleh dengan sekuensing langsung dan kloning. Multikopi 
sekuens ETS dari setiap jenis tertentu Litsea dan marga terkait tersebar di pohon molekuler. Selain itu, sekuens 
ETS dari jenis yang berbeda atau bahkan berbeda marga ada yang sangat mirip atau identik. Hasil ini 
menunjukkan bahwa evolusi serempak (concerted evolution) dari ETS di marga Litsea dan marga terkait belum 
lengkap. Akibatnya, untuk menyimpulkan hubungan filogenetik antara jenis  dan marga  dari kelompok 
tumbuhan ini berdasarkan sekuens ETS menjadi bermasalah. Sekuens ETS tidak cocok digunakan untuk 
memperkirakan filogeni dari marga Litsea  dan marga-marga yang berkarabat dekat. 
 
Kata kunci: ETS, ITS, Litsea, filogenetik molekuler 
 
ABSTRACT 
Phylogenetic relationships of the genus Litsea and related genera are still poorly understood. The molecular 
trees based on the external transcribed spacer (ETS) and the internal transcribed spacers (ITS) sequences from 
previous studies showed different tree topologies and several weakly supported or unsupported clades. 
Therefore, the utility of ETS region of nuclear ribosomal DNA for phylogenetic analyses of Litsea and related 
genera was evaluated. A total of 24 species of Litsea and 16 species of related genera was examined, mostly 
from the Malesian region with a few from Japan. Since direct sequencing of PCR products was impossible for 
most species examined, the ETS sequences were obtained by cloning.  ITS sequences obtained by direct 
sequencing and by cloning were compared. The results showed that  multicopy sequences of ETS existing in a 
sample of any given species of Litsea and related genera were dispersed in the molecular tree. Moreover, the 
ETS sequences from different species or even different genera were sometimes very similar or identical. These
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results suggested that concerted evolution of the ETS in the genus Litsea and related genera is incomplete. 
Consequently, inferring the phylogenetic relationship among species and genera of this plant group based on 
ETS sequences is problematic. ETS sequences were not suitable for estimating the phylogeny of the genus Litsea 
and related genera.  
 
Keywords: ETS, ITS, Litsea, molecular phylogenetics 
 
INTRODUCTION 
Ribosomal RNA genes (rDNA) in plants 
comprise tandemly repeated DNA units. The repeat 
unit consists of a transcription unit and an intergenic 
spacer (IGS). The transcription unit comprises three 
rRNA gene regions (18S, 5.8S, and 26S) and two 
internal transcribed spacers (ITS-1 and ITS-2). The 
IGS comprises non transcribed spacer (NTS) and 
external transcribed spacer (ETS) (Markos & Baldwin, 
2002). The internal transcribed spacers (ITS), which 
consist of ITS-1, 5.8S and ITS-2 regions, have been 
popular for reconstructing phylogenies at the genus 
level and below in plants (Alvarez & Wendel, 2003). 
Although multiple copies of this region exist in every 
plant genome, concerted evolution often 
homogenizes copy sequences, and direct sequencing 
of the ITS region is usually possible. ITS data has 
proven sufficiently variable to resolve relationships 
at lower levels in many different plant groups. As a 
part of the same transcriptional unit, the external 
transcribed spacer (ETS) has also been useful for 
augmenting ITS data in phylogenetic studies of 
angiosperms. This is because the ITS and ETS may 
evolve under similar functional constraints and at 
comparable rates (Baldwin & Markos, 1998).  
The ETS region may be successfully used in 
phylogenetic studies where the ITS phylogeny gives 
weak results, for example in the case of recently 
evolved lineages. The ETS shares the same favorable 
features as the ITS, and it is generally known to 
evolve faster and contain more phylogenetic signal 
than the ITS in plants. It has been demonstrated that 
the proportion of variable and potentially 
informative sites is about 30% higher in the ETS 
compared to the ITS (Baldwin & Markos, 1998). 
Moreover, concerted evolution in the ETS seems to 
proceed so rapidly that paralogous sequences do not 
often cause problems in molecular phylogenetic 
analyses (Baldwin & Markos, 1998; Bena et al., 1998)  
 
ETS sequences analyzed in combination with 
other DNA regions have been valuable for resolving 
phylogenetic relationships of several different plant 
taxa belonging to angiosperm families, such as 
Asteraceae (Clevinger & Panero, 2000; Saar et al., 
2003), Burseraceae (Becerra, 2002), Cyperaceae 
(Starr et al., 2003), Crassulaceae (Acevedo-Rosas et 
al., 2004), Fabaceae (Bena et al., 1998), Malvaceae 
(Andreasen & Baldwin, 2003), Myrtaceae (Wright et 
al., 2001) and Oleaceae (Li et al., 2002).  
Phylogenetic relationships among and within 
sections of the genus Litsea as well as between it and 
possibly related genera are still poorly understood. 
Previous studies on this plant group, mostly using 
plant materials from China and based on direct 
sequencing of ITS and ETS sequences, showed 
different tree topologies generated from different 
data sets (Li et al., 2006, 2007) or from different 
analyses (Li et al., 2008). In general, molecular trees 
based on ITS and ETS sequences from such previous 
studies showed several weakly supported or 
unsupported clades.  
As parts of rDNA repeated units, the ITS and 
ETS regions are subject to concerted evolution, 
which often homogenizes copy sequences. If 
concerted evolution were incomplete, sequence data 
based on direct sequences may consist of paralogous 
sequences, which will cause problems in 
phylogenetic analysis (Alvares & Wendel, 2003). Our 
preliminary research on the phylogenetic 
relationship of Malesian Litsea using ETS region 
based on a cloning method showed that several 
different ETS sequences are found in a single 
individual. We conducted this study in order to show 
concerted evolution is incomplete in the ETS region 
of the genus Litsea and related genera, thus that this 
sequence has limited utility for phylogenetic analysis 
in this plant group. The objectives of this study were: 
(1) to obtain more ETS sequence data from the genus 
Litsea and related genera using a cloning method, 
and (2) to evaluate the phylogenetic utility of ETS 
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sequences for phylogenetic analyses of the genus 
Litsea and related genera. 
 
MATERIALS AND METHODS 
 
Plant materials 
We analyzed plant samples at the molecular 
level from a total of 40 species, of which 24 were 
from the genus Litsea, six species from Lindera, four 
species from Neolitsea and six species from 
Actinodaphne. These species were collected from 
Bogor Botanic Gardens (BBG) and Cibodas Botanic 
Gardens (CBG) in Indonesia, Lambir National Park 
(LNP) in Malaysia, Koishikawa Botanic Gardens (KBG), 
Kochi (KOC) and Kyoto (KYO) in Japan. A complete list of 
the sampled species examined in this study is 
provided in Table 1, along with vouchers, 
GenBank/DDBJ/EMBL accessions and source 
information. Vouchers have been deposited in the 
Makino Herbarium, Tokyo Metropolitan University 
(MAK). 
DNA extraction 
Leaf samples for DNA extraction were 
collected in the field or from cultivated plants, then 
dried in silica gel. Polysaccharides and oils were 
removed and total DNA was extracted following the 
procedure of Kawahara et al. (1995). Some DNA 
samples required further purification using a 
Qiagen-tip 20 column (Qiagen, Hilden, Germany) 
applying the procedures described in Kawahara et al. 
(1995). 
 
Table 1. Plant materials examined in this study and the accession numbers of ETS and ITS sequences from each  
               species studied.  




1. Actinodaphne glomerata 
(Blume) Nees                       
IZ 802 BBG AB500274, AB500275, 
AB500276, AB500277, 
AB500278, AB500279, 
AB500280, AB500281     
AB260849 
2. Actinodaphne macrophylla 
(Blume) Nees var. 
angustifolia Koord. & 












3. Actinodaphne maingayi 
Hook. f. 






4. Actinodaphne malaccensis 
Hook. f.                    
IZ 2053 LNP AB500299, AB500300, 
AB500301, AB500302, 
AB500303, AB500304, 




Merr.                        




AB500314    
AB260853 
6. Actinodaphne procera 
Nees                         
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7. Lindera erythrocarpa 
Makino                          





8. Lindera glauca (Sieb. & 
Zucc.) Blume 






9. Lindera lucida (Blume) 
Boerl.                             





10. Lindera obtusiloba Blume                           TI 3402 KYO AB500343, AB500344, 
AB500345, AB500346, 
AB500347, AB500348, 







11. Lindera polyantha (Blume) 
Boerl.                             












13. Litsea accedens (Blume) 
Boerl.                










15. Litsea costalis (Nees) 
Kosterm.                              
IZ 2041 LNP AB500383, AB500384, 
AB500385, AB500386, 
AB500387, AB500388, 
AB500389, AB500390  
AB260862 






17. Litsea diversifolia Blume                          IZ 864 CBG AB500400, AB500401, 
AB500402, AB500403, 
AB500404, AB500405, 
AB500406, AB500407  
AB260864 
18. Litsea erectinervia IZ 2032 LNP AB500408, AB500409, AB260865 
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Kosterm.                           AB500410, AB500411, 
AB500412, AB500413, 
AB500414, AB500415 






Litsea ferruginea (Blume) 
Blume                            

























Litsea glutinosa (Lour.) C. 
B. Rob.                              






25. Litsea grandis (Wall.) Hook. 
f.                                





26. Litsea lancifolia Hook. f. 
var. grandifolia (Stapf) Ng             















29. Litsea mappacea (Blume) 
Boerl.                              
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31. Litsea ochracea (Blume) 
Boerl.                 


















34. Litsea sarawacensis 
Gamble                          
























38. Neolitsea aciculata (Blume) 
Koidz.                          





39. Neolitsea cassia (L.) 
Kosterm.                              
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40. Neolitsea javanica (Blume) 
Backer                            





41. Neolitsea sericea (Blume) 
Koidz.                             





42. Phoebe excelsa Nees                                 IZ 868 CBG AB500608, AB500609, 
AB500610, AB500611, 
AB500612, AB500613, 
AB500614   
AB260889 
Note: The materials were collected from Bogor Botanic Gardens (BBG) and Cibodas Botanic Gardens (CBG), Indonesia; Lambir 
National Park (LNP), Malaysia; Koishikawa Botanic Gardens (KBG), Kochi (KOC) and Kyoto (KYO), Japan. The samples were 
collected by I.A. Fijridiyanto (IZ) and T. Iwasaki (TI). 
 
PCR amplification, cloning and nucleotide 
sequencing 
PCR amplification of the ETS region was 
carried out using the primer pair ETS1 (Li et al. 2006) 
and 18S-IGS (Baldwin & Markos, 1998). The 
amplification reaction used Ex Taq buffer and Ex Taq 
DNA polymerase (TaKaRa Bio, Otsu, Shiga, Japan); 
10% DMSO was added to reach a total solution 
volume of 30 µl. The PCR reaction consisted of initial 
denaturation at 95C for three minutes, followed by 
35 cycles of denaturation at 95C for 30 seconds, 
annealing at 65C for 30 seconds and extension at 
72C for 30 seconds, with a final extension at 72C 
for seven minutes, on a Model 9700 thermal cycler 
(Applied Biosystems, Foster City, CA, USA). Direct 
sequencing of the PCR products of ETS turned to be 
difficult because multiple peaks were observed at 
individual positions during sequencing analysis, 
indicating the presence of more than one ETS copy in 
plants of the genus Litsea and putatively related 
genera. Therefore, all ETS PCR products were cloned 
in this study. Before cloning, PCR products were 
purified following the manufacturer's protocol for 
the High Pure PCR Product Purification Kit (Roche, 
Mannheim, Germany). The purified PCR fragments 
were cloned following the method described in 
Fijridiyanto & Murakami (2009). Up to 15 positive 
clones from an individual sample were sequenced. 
For nucleotide sequencing, a BigDye Terminator v3.1 
Cycle Sequencing Kit (Applied Biosystems) was used 
following the manufacturer’s protocols. The cycling 
reaction consisted of an initial denaturation at 96C 
for 10 seconds, followed by 25 cycles of denaturation 
at 96C for 10 seconds, annealing at 50C for five 
seconds and extension at 60C for four minutes. 
Sequencing was performed on an Applied Biosystems 
Model 3100 DNA automated sequencer (Applied 
Biosystems).  
The amplification of the nuclear ITS region of 
double-stranded DNA was carried out using the 
primer pair LAUR1 (Chanderbali et al., 2001) and 
ITSB (Blattner, 1999). The amplification reaction used 
TaKaRa Ex Taq DNA polymerase (TaKaRa Bio, Otsu, 
Shiga, Japan); 10% DMSO was added to reach a total 
volume of 20 µl. The PCR profile consisted of initial 
denaturation at 94C for three minutes, followed by 
30 cycles of denaturation at 94C for one minute, 
annealing at 55C for one minute and extension at 
72C for one minute, with a final extension at 72C 
for 10 minutes on a Model 9700 thermal cycler 
(Applied Biosystems, Foster City, CA, USA). For 
comparison, PCR-amplified fragments of the ITS 
region from the same plant samples were also 
cloned and sequenced using the same methods as 
for the ETS region. All primers used for sequencing in 
this study are listed in Table 2. 
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Table 2. Primers used for PCR amplification and sequencing of ETS and ITS regions 
 Primer sequence 5'-3' Source 
ETS   
Forward   







Baldwin & Markos 
(1998) 
ITS   
Forward   
LAUR1 ACCACCACCGGCAACCA 
Chanderbali et al. 
(2001) 
ITS3 GCATCGATGAAGAACGCAGC White et al. (1990) 
   
Reverse   
ITS2 GCTACGTTCTTCATCGATGC White et al. (1990) 
ITSB CTTTTCCTCCGCTTATTGATATG Blattner (1999) 
   
 
Sequence alignment and phylogenetic analyses 
The nucleotide sequences of the ETS and ITS 
regions obtained for each plant species were aligned 
using Chromas Pro version 1.34 software 
(Technelysium Pty. Ltd., Tewantin, Queensland, 
Australia). After all the overlapping sequences had 
been checked, a concatenated sequence for each 
species was generated. The connected sequences for 
all taxa were realigned using BioEdit version 7.0.5.3 
(Hall, 1999) and then adjusted manually following 
guidelines in Kelchner (2000) to produce the final 
sequence data matrix. We performed a homology 
search for all species studied using the BLAST 
program (Altschul et al., 1997) to check whether the 
data indicated that samples were free of 
contamination. 
In this study, large numbers of ETS sequences 
(336 sequences in total) were obtained. To generate 
a molecular tree from such a large dataset is time 
consuming. The neighbor-joining (NJ) method (Saitou 
& Nei, 1987) is much faster than other methods (e.g. 
Maximum Likelihood and Bayesian methods) for 
generating phylogenetic trees (Hall, 2004). It has also 
been reported that tree topologies obtained with NJ 
are reliable enough. To reduce computational 
analysis time, phylogenetic analyses of the ETS 
dataset were performed using the NJ method based 
on the P-distance criterion. PAUP* version 4.0b10 
(Swofford, 2002) was used for the analysis. 
Evaluation of the internal support of clades was 
conducted by bootstrap analysis (Felsentein, 1985) 
utilizing 1,000 replicates. Phylogenetic analyses of 
the ITS dataset were also performed using the NJ 
method in order to compare the results for the ETS 
and ITS sequences.  
 
RESULTS AND DISCUSSION 
 
Phylogenetic analysis of multicopy ETS sequences 
obtained by cloning 
Although PCR products of the ETS region 
showed a single band by gel electrophoresis, direct 
sequencing of the PCR products was impossible for 
most species examined. This was because the 
presence of multiple peaks in the electropherogram 
of the DNA sequencer made direct sequencing very 
difficult. Therefore, cloning was performed for 
samples of all species. The cloning results showed 
that all species examined have multiple copies of the 
ETS region, as suggested by the results of direct 
sequencing. Up to 15 clones containing the ETS 
region from one individual sample were sequenced. 
The total number of ETS sequences obtained was 
336. The sequence length of the ETS region after 
alignment consisted of 404 sequences. An insertion 
and deletion (indels) of 1–54 nucleotides were found. 
Most of the pairwise genetic distances between copy 
sequences from individual samples were high (Table 
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3). The longest pairwise distance, shown by Litsea 
ochracea, ranged from 0.0494 to 0.2244 (average = 
0.14261, mean = 0.13425, SD = 0.05211). The 
smallest pairwise distance, shown by Actinodaphne 
myriantha, ranged from 0.0025 to 0.0153 (average = 
0.00831, mean = 0.0076, SD = 0.00302). 
 
Table 3. Intragenome pairwise Kimura two-parameter distances of the ETS sequences obtained from cloning. 
No. Species No. of 
clones 
Range Average Mean Standard 
Deviation (SD) 
1.  Actinodaphne glomerata 
(Blume) Nees                       
8 0–0.0848 0.02465 0.0076 0.03343 
2.  Actinodaphne macrophylla 
(Blume) Nees var. angustifolia 
Koord. & Valet.       
9 0–0.0361 0.01066 0.00375 0.01339 
3.  Actinodaphne maingayi Hook. 
f. 
8 0.0076–0.2034 0.12661 0.1226 0.04935 
4.  Actinodaphne malaccensis 
Hook. f.                    
8 0–0.0308 0.00891 0.00375 0.01088 
5.  Actinodaphne myriantha 
Merr.                        
8 0.0025–0.0153 0.00831 0.0076 0.00302 
6.  Actinodaphne procera Nees   8 0.0025–0.0308 0.01238 0.0076 0.0097 
7.  Lindera erythrocarpa Makino 7 0.0051–0.1201 0.08689 0.0992 0.03722 
8.  Lindera glauca (Sieb. & Zucc.) 
Blume 
5 0–0.1315 0.05242 0.0025 0.06607 
9.  Lindera lucida (Blume) Boerl.                             8 0–0.0851 0.03567 0.00505 0.03876 
10.  Lindera obtusiloba Blume                           8 0.0101–0.1346 0.08287 0.07365 0.03325 
11. . Lindera polyantha (Blume) 
Boerl 
8 0.0025–0.1626 0.10418 0.14505 0.05705 
12.  Lindera umbellataThunb. 8 0.0025–0.1297 0.04975 0.0127 0.04798 
13.  Litsea accendens (Blume) 
Boerl.                
8 0–0.1468 0.06238 0.05485 0.05396 
14.  Litsea caulocarpa  Merr. 8 0–0.088 0.02453 0.0076 0.03365 
15.  Litsea costalis(Nees) Kosterm.                              8 0.0387–0.1614 0.08844 0.0754 0.03791 
16.  Litsea cubeba (Lour.) Pers.                                 9 0–0.122 0.06776 0.0974 0.04677 
17.  Litsea diversifolia Blume 8 0.0152–0.077 0.04676 0.05085 0.01976 
18.  Litsea erectinervia Kosterm.                           8 0–0.1232 0.07601 0.0818 0.04294 
19.  Litsea fenestrate Gamble 8 0–0.0964 0.02991 0.0114 0.03446 
20.  Litsea ferruginea (Blume) 
Blume                            
8 0.0178–0.141 0.06385 0.0438 0.0417 
21.  Litsea firma Hook. f. 8 0.0076–0.1641 0.08374 0.0754 0.04267 
22.  Litsea garciae S.Vidal                                8 0–0.0179 0.00633 0.005 0.00532 
23.  Litsea globularia Ng 8 0.0051–0.1198 0.07863 0.07675 0.03476 
24.  Litsea glutinosa (Lour.) C. B. 
Rob.                              
8 0–0.0334 0.0101 0.00505 0.01084 
25.  Litsea grandis (Wall.) Hook. f. 8 0.0025-0.1056 0.05481 0.0739 0.03664 
26.  Litsea lancifolia Hook. f. 
var. grandifolia (Stapf) Ng             
8 0–0.0965 0.03212 0.0076 0.03762 
27.  Litsea machilifolia Gamble 8 0.0117–0.1988 0.11129 0.0985 0.04856 
28.  Litsea maingayi Hook. f.                            8 0.0178–0.0766 0.04429 0.0413 0.01505 
29.  Litsea mappacea (Blume) 8 0.0101–0.167 0.09933 0.0847 0.04844 
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No. Species No. of 
clones 
Range Average Mean Standard 
Deviation (SD) 
Boerl.                              
30.  Litsea noronhae Blume 8 0.0127–0.1226 0.05973 0.04125 0.03394 
31.  Litsea ochracea (Blume) Boerl.                 8 0.0494–0.2244 0.14261 0.13425 0.05211 
32.  Litsea resinosa Blume                              8 0.0416–0.123 0.07078 0.06605 0.02307 
33.  Litsea rubicunda Kosterm.                           8 0–0.0823 0.02687 0.0076 0.0305 
34.  Lisea sarawacensis Gamble                          7 0–0.0334 0.0167 0.005 0.01244 
35.  Litsea tomentosa Blume                              8 0.0152–0.1672 0.07467 0.05615 0.0468 
36.  Litsea umbellata Merr. 15 0.0025–0.1027 0.0619 0.0654 0.02096 
37.  Machilus rhimosa Blume                              7 0.0076–0.01602 0.10453 0.1164 0.03762 
38.  Neolitsea aciculata (Blume) 
Koidz.                          
8 0.0101–0.1145 0.04667 0.0281 0.03261 
39.  Neolitsea cassia (L.) Kosterm.                              11 0–0.0414 0.01016 0.0051 0.01362 
40.  Neolitsea javanica (Blume) 
Backer                            
8 0–0.0849 0.02308 0.0063 0.03283 
41.  Neolitsea sericea (Blume) 
Koidz.                             
8 0.0076–0.074 0.03776 0.0347 0.02019 
42.  Phoebe excelsa Nees                                 7 0.0715–0.2198 0.15084 0.1605 0.04026 
 
The NJ tree generated using the ETS 
sequences obtained is shown in Figure 1. This tree 
revealed that most sequences obtained from a single 
individual sample did not form a clade. Moreover, 
sequences obtained from different species, or even 
from different genera, were sometimes very similar 
or identical. At least seven ETS sequences existed 
(sequences A-G) that were obtained from different 
species or even genera (Table 4). Sequence A was 
observed in two clones from one species of the 
genus Litsea (L. grandis) and one species of the 
genus Neolitsea (N. javanica). Sequence B was 
observed in a total of 50 clones from 21 species and 
four genera: eight clones from two species of the 
genus Actinodaphne (A. macrophylla var. angustifolia 
and A. malaccensis), four clones from three species 
of the genus Lindera (L. lucida, L. polyantha and                  
L. umbellata), 29 clones from 15 species of the genus 
Litsea (L. accendens, L. caulocarpa, L. cubeba,                    
L. erectinervia, L. fenetrata, L. garciae, L. globularia, L. 
glutinosa, L. grandis, L. lancifolia var. grandifolia,               
L. resinosa, L. rubicunda, L. sarawakensis and                            
L. umbellata) and eight clones from two species of 
the genus Neolitsea (N. cassia and N. javanica). 
Sequence C was observed in five clones from one 
species of the genus Actinodaphne (A. myriantha), 
two species of the genus Litsea (L. accendens and                
L. caulocarpa) and two species of the genus 
Neolitsea (N. cassia and N. javanica). Sequence D 
was observed in two clones from one species of the 
genus Lindera (L. polyantha) and one species of the 
genus Litsea (L. umbellata). Sequence E was 
observed in three clones from one species of the 
genus Lindera (L. lucida) and two species of the 
genus Litsea (L. globularia and L. umbellata). 
Sequence F was observed in two clones from one 
species of the genus Lindera (L. erytrocarpa) and one 
species of the genus Litsea (L. umbellata). Sequence 
G was observed in one clone from one species of the 
genus Actinodaphne (A. glomerata) and two clones 
from one species of the genus Litsea (L. lancifolia var. 
grandifolia).  
In only very rare cases, all sequence copies 
from one species made a monophyletic clade and did 
not nest with other copy sequences from different 
species. This was observed only in Litsea maingayi 
(eight clones sequenced) and Machilus rimosa 
(seven clones sequenced), which was one of the 
outgroups.  
Phylogenetic analysis of multicopy ITS sequences 
obtained by cloning 
Nucleotide sequences of the ITS region were 
easily obtained by direct sequencing of the PCR 
products. Therefore, we only cloned DNA fragments 
of the ITS region from three species of the genus 
Litsea and three species of the genus Lindera, just to 
check for the presence of multicopy ITS sequences. 
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Up to five clones from each individual sample were 
sequenced. Surprisingly, our results showed that the 
ITS region of the Litsea complex also consists of 
multicopy sequences. The pairwise genetic distances 
between copy sequences of ITS obtained from a 
single individual sample were mostly very small 
(Table 5). The largest pairwise distance, shown by 
Lindera obtusiloba, ranged from 0.0033 to 0.0099 
(average = 0.00595). The smallest pairwise distance, 
shown by Litsea firma, ranged from 0 to 0.0016 
(average = 0.00107). However, the pairwise genetic 
distances were not always low between sequences 
obtained by direct sequencing and those obtained by 
cloning from the same individual sample. The 
pairwise distances between the sequences obtained 
by direct sequencing and by cloning from species of 
the genus Lindera were constantly small. Even the 
largest distance observed, namely in Lindera glauca, 
ranged from 0.0016 to 0.0082 (average =0.0049). In 
contrast, the pairwise distances between sequences 
obtained by direct sequencing and by cloning from a 
species of the genus Litsea were often large. The 
largest distance observed, namely in Litsea noronhae, 
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Figure 1. Continued 
 
 
Figure 1.  Neighbor-joining tree based on ETS sequences obtained by cloning plant samples of the genus Litsea and related        
genera. Internal support was examined by bootstrap analysis of 1,000 replicates. Bootstrap values are shown 
below the branches. Branch length corresponds to the number of nucleotide substitutions, and a scale bar is 
shown on the lower left. The letter and number code following the species name refers to the clone sequenced. 
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Table 4. List of identical ETS sequences which were shared among species of Litsea and related genera 
Sequence types Total 
clones 
Species Number of clones 
Sequence A 2 1.     Litsea grandis (Wall.) Hook. f.                                1 (C5) 
2.    Neolitsea javanica (Blume) Backer                            1 (C6) 
Sequence B 50 1.     Actinodaphne macrophylla (Blume) Nees var.   
       angustifolia Koord. & Valet.       
4 (C9, C11, C12, C13) 
2.    Actinodaphne malaccensis Hook. f.                    4 (C1, C3, C4, C6) 
3.    Lindera lucida (Blume) Boerl.                             3 (C4, C6, C8) 
4.    Lindera polyantha (Blume) Boerl.                             1 (C3) 
5.    Lindera umbellate Thunb. 1 (C7) 
6.    Litsea accendens (Blume) Boerl.                2 (C6, C8) 
7.    Litsea caulocarpa Merr. 2 (C3, C10) 
8.    Litsea cubeba (Lour.) Pers.   2 (C7, C15) 
9.    Litsea fenestrate Gamble   2 (C6, C7) 
10.  Litsea garciae S.Vidal                                3 (C1, C8, C6) 
11.  Litsea globularia Ng 1 (C7) 
12.  Litsea glutinosa (Lour.) C. B. Rob.                              3 (C3, C5, C6) 
13.  Litsea grandis (Wall.) Hook. f.                                1 (C4) 
14.  Litsea lancifolia Hook. f. var. grandifolia    
       (Stapf) Ng             
2 (C2, C5) 
15. Litsea resinosa Blume 1 (C6) 
16. Litsea rubicunda Kosterm. 3 (C3, C4, C7) 
17. Litsea sarawacensis Gamble      3 (C3, C5, C7) 
18. Litsea umbellate Merr.                               1 (C16) 
19. Litsea erectinervia Kosterm. 3 (C4, C5, C8) 
20. Neolitsea cassia (L.) Kosterm. 
       
5 (C12, C13, C14, C15, 
C16) 
21. Neolitsea javanica (Blume) Backer                            3 (C4, C5, C7) 
Sequences C 5 1.   Actinodaphne myrantha Merr. 1 (C5) 
2.   Litsea accendens (Blume) Boerl. 1 (C7) 
3.   Litsea caulocarpa Merr. 1(C4) 
4.   Neolitsea cassia (L.) Kosterm. 1 (C8) 
5.   Neolitsea javanica (Blume) Backer                            1 (C2) 
Sequence D 2 1.   Lindera polyantha (Blume) Boerl.                             1 (C6) 
2.   Litsea umbellate Merr.                              1 (C11) 
Sequence E 3 1.   Lindera lucida (Blume) Boerl.                             1 (C2) 
2.   Litsea globularia Ng  1 (C5) 
3.   Litsea umbellate Merr.                               1 (C8) 
Sequence F 2 1.   Lindera erythrocarpa Makino 1 (C7) 
2.   Litsea umbellate Merr.                               1 (C13) 
Sequence G 3 1.   Actinodaphne glomerata (Blume) Nees                       2 (C3, C8) 
2.   Litsea lancifolia Hook. f.  var. grandifolia  
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Table 5. Pairwise Kimura two-parameter distances belong to ITS sequences from different clones and sequences 
obtained by cloning vs. direct sequencing from several species 
Taxon No. of 
clones 
compared 
Among clones Between clones and a direct sequence 
Range Average Range Average 
Lindera glauca (Sieb. 
& Zucc.) Blume 
2 0.0065 – 0.0016 – 0.0082 0.0049 
Lindera obtusiloba 
Blume    
5 0.0033 – 0.0099 0.00595 0 – 0.005 0.0033 
Lindera umbellate 
Thunb.                             
2 0.0031 – 0 – 0.0031 0.00155 
Litsea firma Hook. f.                                  3 0 – 0.0016 0.00107 0.0965 – 0.0966 0.09653 
Litsea noronhae 
Blume   
3 0 – 0.0049 0.00327 0.1134 – 0.1154 0.11407 
Litsea ochracea 
(Blume) Boerl.                 
3 0.0033 – 0.0084 0.00557 0.0881 – 0.0921 0.09007 
 
  For construction of phylogenetic trees, due 
to difficulties in alignment, we removed some 
variable parts of the ITS sequences from the dataset. 
The resultant ITS data set contained ITS1, 5.8S and 
ITS2 sites. It comprised 598 characters after 
alignment. The NJ tree obtained is shown in Figure 2. 
This tree showed that all copy sequences of ITS 
obtained by cloning from a single species of the 
genus Litsea always formed a monophyletic group 
with a Bootstrap of 100%. However, they did not 
form a monophyletic group with the sequence 
obtained by direct sequencing of a sample from the 
same species. For example, the sequence obtained 
by direct sequencing from L. ochracea was more 
closely related to the sequence obtained by direct 
sequencing from L. erectinervia (Bootstrap support 
of less than 50%) than to the sequences obtained by 
cloning from the same individual of L. ochracea. 
Those from L. noronhae were more closely related to 
the sequences obtained by direct sequencing from                   
L. garciae, L. costalis and the L. machilifolia group 
(Bootstrap support of less than 50%) than to the 
sequences obtained by cloning from the same 
individual of L. noronhae. Those from L. firma were 
more closely related to the sequence obtained by 
direct sequencing from L. mappacea (Bootstrap 
support of 99.3%) than to the sequences obtained by 
cloning from the same individual of L. firma. 
In contrast, the sequences obtained by 
cloning and by direct sequencing from the same 
species of the genus Lindera always formed a 
monophyletic group with high Bootstrap support. For 
example, the sequences from Lindera umbellata 
formed a clade with Bootstrap support of 99.9%, 
those from L. obtusiloba formed a clade with 
Bootstrap support of 92.5%, and those from                         
L. glauca formed a clade with Bootstrap support of 
99.8%. 
Non-concerted evolution and limited use of ETS 
sequences in the genus Litsea and related genera 
The ETS region is part of a single repeat unit 
belonging to nuclear ribosomal DNA (nrDNA). This 
single unit is tandemly repeated hundreds to 
thousands of times at one or a few loci. Despite its 
repeated nature, the nrDNA region including the ETS 
has been thought to be essentially homogeneous 
within a species due to rapid concerted evolution 
(Starr et al., 2003). Concerted evolution is a universal 
biological phenomenon.  
In various organisms ranging from bacteria to 
mammals, most repetitive-gene families so far 
examined undergo concerted evolution (Liao, 1999). 
It was supposed that the primary driving force for 
concerted evolution of tandemly repeated multigene 
families was intrachromosomal homogenization. 
Interchromosomal genetic exchange, which was 
proceeded by a gene conversion-like mechanism, 
was reported to be much rarer (Liao, 1999).  
If tandemly repeated multigene families 
undergo concerted evolution, phylogenetic analyses 
of copy sequences obtained from a species should 
consistently reveal cohesive grouping of sequences 
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within the species. Conversely, if sequence 
homogenization by concerted evolution is absent or 
incomplete, it is not necessarily expected that copy 
sequences from a species will form a species-specific 
monophyletic clade; some more-divergent copy 
sequences from the species may sometimes be 
scattered throughout the phylogenetic tree, and may 
even group together with sequences from different 
species (Liao, 1999). 
 
 
Figure 2. Neighbor-joining tree derived from analysis of ITS sequences obtained by direct sequencing and cloning of the genus 
Litsea and related genera. Internal support was examined by bootstrap analysis of 1,000 replicates. Bootstrap values  
           re shown above the branches. Branch length corresponds to the number of nucleotide substitutions, and a scale bar  
           is shown on the lower left. The letter and number code following the species name refers to the clone sequenced. 
 
The NJ tree based on ETS sequences obtained 
from the Malesian Litsea complex (Figure 1) showed 
that sequences obtained from the same individual 
sample were scattered in several clades. ETS 
sequences from several different species or even 
from different genera were sometimes very similar 
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or identical, and made clades together in the NJ tree. 
This suggests that concerted evolution of ETS in the 
genus Litsea and related genera is incomplete. 
Previous molecular phylogenetic studies of 
the genus Litsea and related genera (Li et al., 2006; 
2007; 2008) used ETS sequences obtained by direct 
sequencing. In these studies, concerted evolution of 
ETS sequences in Litsea and related genera was 
inferred to occur, and thus these sequences were 
considered to be useful for phylogenetic analysis. As 
far as we know, our results are the first report of the 
presence of non-concerted evolution of ETS 
sequences in this plant group. In plants, 
non-concerted evolution of nrDNA regions has 
previously been reported for the ITS region of the 
genus Mammillaria of the Cactaceae family (Harpke 
& Peterson, 2006) and the genus Pyrus of the 
Rosaceae family (Zheng et al., 2008).  
A high amount of individual sequence 
variation of nrDNA, especially in the ETS region, was 
observed in this study. It is highly probable that 
several paralogous ETS sequences were obtained by 
cloning from an individual sample of a species within 
this plant group. The presence of several paralogous 
sequences within an individual sample potentially 
complicates the inference of species trees from trees 
obtained from genes (Bailey et al., 2003). If 
paralogous sequences are mistaken as orthologous, 
inferred phylogenetic relationships among the 
species will be wrong (Bailey et al., 2003).  
In our ITS tree, all sequences that were 
obtained by cloning from single-species samples 
either from the genus Litsea or Lindera made a clade 
with high Bootstrap support. Furthermore, ITS 
sequences obtained by direct sequencing from a 
given species of the genus Lindera also always nested 
with the sequences obtained by cloning from the 
same species. In contrast, ITS sequences obtained by 
direct sequencing from a given species of the genus 
Litsea never nested within the sequences obtained 
by cloning. It has been reported that ITS sequences 
obtained by direct sequencing are sometimes a 
consensus sequence of several different copy 
sequences, and are actually different from any of the 
copy sequences obtained by cloning from a sample 
from the same species (Feliner & Rossello, 2007). 
However, such an explanation is not applicable to 
our results because the sequences obtained by direct 
sequencing differed too much from any obtained by 
cloning. Paralogous ITS sequences may be obtained 
by these two different methods to get the true 
sequences. 
Moreover, as our ITS results indicated, use of 
the ITS sequence for phylogenetic analysis of the 
Litsea complex requires caution. At least for the 
genus Litsea, ITS sequences obtained by direct 
sequencing were very different from those obtained 
by cloning. This suggests that incomplete concerted 
evolution might also occur in the ITS region of this 
plant group. These results might explain why 
conflicts were observed between topology of the ITS 
and ETS trees of the genus Actinodaphne (Li et al., 
2006), the genus Neolitsea (Li et al., 2007) and a 
combination of the ITS and ETS trees using different 
phylogenetic analyses of the Litsea complex (Li et al. 
2008). In these earlier studies, ITS and ETS sequences 
obtained only by direct sequencing were used, which 





The ETS is not a suitable source for molecular 
information to estimate the phylogeny of Litsea, 
because several different multicopy sequences of the 
ETS were always observed in individual species of the 
genus and related genera. Even when ETS sequences 
are obtained by cloning, if any of the copy sequences 
are missing and a complete set of ETS sequences is 
not obtained, the phylogenetic analysis based on 
these sequences will lead to a wrong conclusion 
about the phylogenetic relationship among the 
species. In such a situation, to use sequences 
obtained by direct sequencing for phylogenetic 
analysis is even worse because an ambiguous 
consensus sequence might be obtained that does 
not actually exist in the genome of the original plant 
material. A more suitable source of nuclear sequence 
data for phylogenetic studies of Litsea and related 
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